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The Total Synthesis of d/-4"-Tetrahydrocannahinol and

Four of Its Isomers'

K. E. Fahrenholtz, M. Lurie, and R. W. Kierstead

Contribution from the Chemical Research Department, Hoffmann-La Roche fuc.,

Nutley, New Jersey  07110. Received June 2, 1967

Abstract:  The totad syntheses of the racemic modifications of two psychotomimetically active components of maci-
huana, At-tetrahydrocannabinol (f) and A'-tetrahydrocannabinel (1B, are described,  The syntheses of three un-

natural isomers, XM, XXI, and XX}, are also presented,

Cyclization of the coumarin V gave the dibenzopyran

VII, which was converted by stercochemically controlled reactions to the wrans-ketone X nind the cis-ketone X1,
The trans-keione Xa was converied through the chloride X1V to a mixture rich in (e A® isomer I, from which I was
isolated in crystalling form,  The rrans-ketone Xa was aiso canverted oia the carbinot X1ila to the A? jsomer 11,
The cis-ketene X1 was converded via the carbinol XXII to the ¢fs analog XXM of A*tetrabydrocannabinel. The
ketones Xa and X1 were converted 1o the corresponding exocyclic methylene derivatives X1f and XXI, respectively.
The structurg of the key intermediate [X was proven by its alternate synthesis from the chromanone X VII.

Thc crude resin obtained from the flowering tops of
female plants of scveral Cannabis sativa L. varieties
has been known and used as a psychotomimetic agent
for many years.* The structure of this material,
known variously as marihuana, hashish; etc, had
evaded clucidation for many years. Finally, the groups
of Cahn,* Todd,? and Adams’ elucidated the gross strug-
ture of many of the components of the crude resin and
several of the natural materials (physiologically inactive)
were synthesized. The complete structure of the
psycholomimetically active components, however, de-
fied elucidation until more powerful modern physical
methods became available. Receutly the components
of marihuana have received renewed attemtion, In
1964, Gaoni and Mechoulan,® on the basis of wmnr
studies, and Santavy,® on the basis of infrared studies
und melecular rotation diTercrtces, determined (he
complele structure of the major physiologicaily active
constituent, f-Af-letrahydrocannabinol (1.7 One of
thesc groups has also described'™ the first total synthe-
sis of dl-I, the preparation requiring repeated column
chromatography to effect purification of an inter-
mediate. Early this year an elegant synthesis of /-can-
nabidiol was published*!™ jn whtich this naturslly occur-
ting material was preparcd in one'step from olivetol,
In vicw of the reports®V'® that fcannabidiol cap be con-

{1} Part of these results have been veported in a preliminary come
munieplion: I, E. Tahrenhottz, M. Luris, acd R. W. Kicrstend,
S, A, Chenr, Sec., 88, 2079 (1966).

(2) (n} D. F. Downing, Quarr, Rev. (L.ondon), 16, 133 (1962); (b}
3. F. Downing in "Psychapharmacological Apgents,' Vol 1, M,
Gorden, Ld,, Academic Press ke, Wew York, N, Y., 1964, pp 585
&07.

{3 R. Adams, Marcey Lecturas, 37, 168 (1941),

(4) A. . Todd, Kxperientia, 2, 85 (1946).

(5} R. S, Cahn, J. Chem. Soc., 1400 (1931}, and earlier papers.

(6) F. Bergel, A, L. Morisson, H, Rindeckneclit, A, R, Todi, A, T,
Macdonald, and G. Waolle, thid., 286 (1943), and carlice papers.

(7} R, Adams, M. Harfenist, and S. Loewe, J, Am, Chem. Soc., 71,
1624 (L049), nod easlicr papera,

{8) Y. Gooni and R, Mechoulam, ibid., 86, 1646 {1964).

(M F, Santavy, Acta Unsfv. Palackiance Qlmmye. Fuve, Med, 35, 5
{1964); Chem. Absir., 62, 4087d (1965),

(1) Compound 1 has been ealled Atr-tewrahydrocannahinok by olher
workers,  However, we feel the numbering System used heve is prefer-
abie, conforming w the Chemical Abstracts nomenclature of dibenzo-
(b d)pyran compounds.

(11) {a) R, Mechoulam and ¥. Gaoni, J. An. Chem. Soc., 87, 3273
{1965); (b} T. Perrzilka, W, Hacfliger, C. Sikemeier, G, Ohloff, and
A, Eschenmaoser, Helo. Chim, Acia, 80, 719 (1967); (¢} ¥. Gaoni and
R. Mechioulam, Tetrahedron, 22, 1481 (1966).

verted in unspecified yicld to ~A%tetrakiydrocannabinol,
this new synthesis of -cannabidiol may provide a con-
venient procedurc for the synthesis of ~A®tetrahydro-
cannabinol.  Last year the isolation of another psycho-
tamimetically active component, /-Af-tetrahydrocanna-
binol (11}, from some varicties of Mexican hemp was an-

CH,

1'1j<cm
O CH,

nounced'? and a total synthesis of 411 has also been
reported,’? the isolation of dl-11 requiring column clom-
atography followel by a preparative vapor phase chrom-
atographic separation,

The present paper reports the synthesis of dl-A*-
tetrahydroennnabinol (1), df-A%tetrahydrocannabinol
(I}, and other tetrahydrocannabinols by procedures
amenable to large-scale preparation of these com-
pounds,

The von Pechimann condensation of olivetol!t (I11)
and dicthyl w-acetopiutarate® (IV) in the presence of
plhiosphorus exychloride gave only one isolated product
in spite of the fact that two coumarins and two chro-
mones are possible® (Scheme 1), That the produet iso-
lated was the desired compound V was supported by its
spectrn and its eventual conversion to IX which was
nlso prepared by another, unambiguous roule (see
below). The uext step in the reaction sequence re-
quired an intramolecwlar condensation invoiving a
methyl group vinylogous to a lactone carbonyl, A few
similar intermolecular?®-® and intramolecalar”™ con-

(12) R. L. Hively, W, A, Mosher, and F. W. Hofmann, J. Am. Chem,
Soc., 88, 1032 (1966).

(13 E. C. Tayfor, 1, Lenard, ar} ¥, Shva, ibld., 88, D67 {1966)

{13n} Nore Apptp 1x Proor.  Aher the acceptance of this mapu-
script, two synthescs of { —)-A% teicahydracannabinot [(~ }-II) appearcd
inprine: T ¥, Jen, G A Hughes, and EL Smitly, ibid., B9, 4558 (1967,
and L. Mechoulpm, P, Broun, and Y. Gnoni, bid., 8%, 4551 {1947),
Both of these groups also prepared (--).I1 and ia addilion the latter
sroup converied (~)-H 10 (—)-1 via (— }-X1V,

(14) C. M. Suter and A, W, Weston, #hid,, 61, 232 (1939).

{15) L. Henecka, Rer., 81, 197 (1948).

(L6) 5. Seuina and R. Phadke, Org. feactions, 7,1 (1953).

17} W, Bocschew and R Mantenfel, Ane,, 585, 177 {1933),
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Scheme 1
H M CH, K CH,
CH,CH,C0,CH, CH.CH,00,H
+ CHCCHCH,CH.CO,CH, — CHCOGH, " Sy CPHCH 00,
CH, OH CO,CH, Gty 0 >0 C.Hy, 00
1 v v Vi
0 '
i 0. -0
on R H I on OH
+ H — — B L
H |-CH, H | .CH; CH;
C!"u ¢ CHI ClH!.I 0 CH’ 3hd3y 0 C”! CsHu. 0 C;H,, O 0
X1 Xa,R=H IX VIl Vit
b, R = CH,C0
CH, CH,
~OR
OH OH
H
H |-CH, 1 LcH,
CH,, 07 CH, Gty o CH, CHyy
X XIMa, R=H
b, & = CH,CO
-*.
Citly, 0" ey,

densations have been reported on compounds where the
most actdic protons were on the methyl group. In V,
however, the hydroxylic proton and the protons e« to
the ester proup are all probably more acidic than the
methyl protons.  Treatmen: of ¥ with sodium hydrox-
ide in ethanob® gave the corresponding acid VI rather
than the cyclization preduct VIL,  The former com-
pound was readily reconverted to V by treatment with
the diethyl acetal of dimethyiformamide,®?!'  TFreat-
ment of V with sodium hydride in reftuxing benzene
gave no reaction.  The use of potassium 7-butoxide in
dimethyl sulfoxide gave a Jow yield of cyclized product
whereas sodium hydride in dimethyl sulfoxide gave good
vields of VII nccompanicd by stuall and varying amounts
of VI, The spectral propertics of VII suggest that the
double bond is conjugated with the lactone group
forming a coumarin chromophore. lIn particular the
nmr spectrum clearly shows the absence of olefinic
protons. Treatment of V]I with ethylene glycol gave
the corresponding ketat VHI. The reaction of VIII
with methylmagnesinm iodide?® followed by acid hy-
drolysis then gave IX*% which has also been prepared
from XVII (see below) The amr spectrum of 1X

(18) R. Kuhn ami C, Grundmann, Aer., 69, 1757 (1936},

(19} H. Mecrwein, Ann, 358, 70 {1900).

(20) H. Yorbrllggen, Angew, Chem. fusern. Ed. Engl, 1, 210 (1963).

() H. Brechbibler, H. Biehi, E. Hatz, ). Scheeiber, nnd A, Eschen-
moser, fbid., 2, 212 (1963); fHele. Chine. Acin, 4B, 1746 (1963},

(22} R. Adams, C. K. Crin, nnd B. R, Baker, J. Am. Chesm, Sec., 61,
2200 (1940),

(A3) AN compounds prepared in this paper which contpin centers of

ASYRFSEIry fire raccmaies and for ¢convenicnce ore represented through.
okt by onz enantfomeric series,

indicates the presence of an olefinic praton and (he
other speetra also confitm the rearranged position of the
double bond. The reduction of ¥X with lithium in
licuid ammonia ut —70° gave a mixture of two prod-
ucts.  The minor product was identical with the iy
ketone X1 which was also prepared by an alternate und
unambiguous route (see below), The major product of
this reduction was the desired rrans-ketone Xa. This
ketone was allowed to react withy triphenylphosphine-
methylene to give the exocyclic analog X1§ of tetra.
hydrocennabinol. No deliberate attempts were made
Lo isomerize the double bond (0 an endoeycliv position
but it was shiown that XH is recovered unchanpged under
the conditians used for the dehydration of the carbine!
XHTa (see below),

As will be mentioned fater the eis-ketone X1 reacted
completely with methylmapnesivm iodide. However,
when the trans-ketone Xa was treated with ntethyt-
magnesivm iodide, even with a large excess of reagent
or at the temperature of refluxing benzene, thin layer
chromatography of the reaction mixture showed the
presence of 2 Jarge amount of vnreacted starting ma-
terial.  Ouly small amounts of pure XIa could be ob-
tained from these mixtures by crystallization. How-
ever, reaction of the corresponding acetate Xb with
methylmagnesivin iodide gave a product mixture {free
of ketone Xa) which could be vsed dircetly for subse-
quent steps.  This minture could also be erystallized
to obtain satisfactory yiclds of the carbinol X1lla, 101

(24) The hydtoxyt group in Xl is assigned (he axiat configuration
begause dehydratlen under conditions not vigorous enough to epuse

Fahrenholtz, Lurie, Kierstead | Tortal § yuthesis of dl-A%-Tewrahypdrocannabino!
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Toble 1. Nuclear Magnetic Resonance Spectra of Tetrahydrocannabinols

Type of i1 A X1 dI-XX 1 dXXI
proton InCDClds I CCLA® In CDClyr 1n CCi, in CDCY, in CDCly¢ in CDCY,
Aromintic 6.28 (d, 6.13 (d, 6.27 (d, 6.08 {d, 628 (d, 6.27 (br d) 6,25 (dl,
J=2)() J =20 J= J= 2 J"' 1.5} (2) J = 1.5)
43 (1)
6.11¢(d, 597 (d, 6.08 {d, 5.88 (d, 6.13(d, J = 6,12 (d, 607(d, J =
J o= 20(1) Joe 231 £o=2)(1) J = 2)(1) 1.83(1) J o= 2)(1) L5} (1)
Dlefinic 6,32 (br) (1) 6.28 (br) (1) 5.40 {6} (1D 532 (br} (1) 477 (b) (3)/ 6,27 (br d) (2)*  4.65 (br d,
C.10 C-10 C-B C-8 exocyclic C-10 J =13
C-10a H 118 {br )} 313 (brd) 3.22 (br d) 313(br d) and OH 3.58 (br (1) (2) exo-
(1) (1) (0 (¢}) eyclic
CICH,  16B(s) 165 (s) 176 (s) 1.65(8) 1.68 ()
C-6(CHsh  1.40(s) 137 (s) 1.37(s5) 1.30 {s) 138 (s) 1.38 (s} 1.38 (s}
1.08 (s) 1.5 (5) .10 (s} 1035 (5) 105 ($) 127 (s} 1.28 (5)
w-CHy 0.85 (0 (D) 0.B8 (1) (3) 0.88 (1) (3) 0.88 (1} () 0.87 (1} (3) 0.87 {1} (3) D87 (3 {Y)

2 All spectra were determined on n Varian A-60 specirometer.
constants are given in cps.  ® Identical with naturnl 1>
proten and the C-10 olefinic proton.
dition of T,0.

This apparent difference in reactivity of Xa and X1
toward the Grignard reagent can be readily explained
on the basis of steric factors. 1n the reaction of botl
Xa and X! with methylmagnesium jodide the initia)
reaction is probably abstraction of the hydroxaylic proton
to form the corresponding phenolate anions.  Further
reaction is then a competition between attack of the
Grignard reagent on the carbony) carbon and eaoliza-
tion of the carbonyl initiated by C-10 proton abstraction
by the adjacent phenvlate anion. Studies™ by Corey
and by Zimmerman have shown that enolization of
cyclic ketones proceeds preferentially (but not cxelu-
sively) by abstraction of axial protons.  Measurements
on Dreiding models? of the ketones with ring C as a
chair and ring B as a half-chair (most likely close to the
most stable conformation) show that in Xa the hy-
droxylic oxygen is 1.8 and 2.8 A distunt from the equa-
torial and axin! C-10 protons, respectively, in the
cis-ketone X1 these distauees are 1.8 and 3.4 A, respecs
tively, and in addition the axial proton is stericably
shielded from the hydroxylic uxygen by the equatorial
Irydrogen.

In the reaction of the eris-ketorte X1, therefore, atlack
on the carbony! earbon by the Grignard rengent is pre-
ferred over internal abstraction of either the equatoria)
C-10 proton ar the sterically inaccessible axial proton,
giving rcaction mixtures cssentially free of X1, With
the frans-ketone Xa, however, internal proton abstrac-
tion competes favorably with Grignard attack and a
large amount of Xa is recovered,

Treatment of the carbinol XI1a with acetic anbydride
in pyridine gave the corresponding diacetate which,
upon selective hydrotysis, was converted to the mono-
acetate XINb.  Pyrolysis of XHIb gave impure 1T while
dehydration of XIiIr with a catalytic amount of pg-tolu-
enesulfonic acid in benzene gave an excelient yield of
racemic d-tetrahydrocnnnabinol (I} shown hy glpe
to be different front and free of cither 1 or XI1. This
isomerlzation of the exncyclic isorser XII gives (he endocyzlic product
IL In oo aaalogous case,™ n 3f-methyl-Ja-hydroxy stecoid (axial
hydroxyly was dehytlrnted 10 endocyclic products whereas the isomeric
Ja-methyl-38-hydroy steroid (equatorial hydroxyl} was dehydrated (0
the exoryclic produci.

{25) C. E. Cook, R. C. Cotley, and M. E. Wali, Tetrahedran Lerters,
B9 (1963).

(26} E. L. Eliel, “Stareochemistry of Carbon Compounds,” McGraws

Hill Hook Co., Jne., New York, N. Y., 1962, p 241,
(27 A. 5. Dreiding, Hele. Chim. Acta, 42, 1339 (1059),

Values are given in ppu relative to TMS as internal standard,
* Compare ref 13,
! The signal at 4.77 includes the two exocyelic protons and the phenolic OH which exchanges on ad-

Coupling

4 Compare ref 8. ¢ The signal &L 5.27 includes one aromalic

materinl had spectra compatible with its structure and
the nme spectrum was jdentical with that reported for
dl-1112 {see Table I}.

The reaction of the carbinol XIIa {or more con-
veniently the total carbinol mixture from the Grignard
reaction on the acetate Xb) with Lucas reagent in acetic
acid gave a good yield of the chloride XIV. If the
Luens reaction was carried ont on the crude Grignacd
product from the ketone Xa, the resulting mixture could
be separated readily into recovercd Xa and the desired
chloride XIV.

This chloride, on dehydrohalogenation with potas-
siwm hydraxide in ethanol, gave impure racemic Ale(ra-
hydrocannabinol (1) identical with the product from
dehydration of the carbinol XIla. However, dehydro-
hatogenation of X1V with sodium hydride iu letrahiydro-
furan gave an excellernt yield of a mixture of olefins™
cantaining 749 1 and 2697 11, Treatment of thiis mix~
ture with #e-nitrabenzenesnlfonyl chloride gave pure XV
in 2377 yicld. Hydrolysis of XV gave an cacellent
yield of crystalline racemic Av-tetrahydrocannabingl
(I}, shown by glpc to be free of either 11 or nther de-
tectable impuritics and idemical in al) respects (cxcept
optical rotation and melting point) with -&®-tetrahydro-
cannabinol, isolated from marihuana. ®

As a proof for the position of substitution in 1X fand
therefore also in the von Pechmann product V), we
prepared IX by another rowte which is both unambigu-
ous und which provides an alternate approach to the
synthesis of these tetrahydrocannabing) isomers.

The reaction of olivetol ([1F) with 3-methylcrotonic
acid (XVI) in the presence of boron trifluoride etherate
at 12593 led 1o the isolation of two products, XV
{5077 yield) and XVII1 (229 yicld) (Scheme 11, The
ratio of products could be reversed simply Ly nsing
boron trifluoride etherate at 25° 2 which gives XVII
(2327 yield) and XVIII (63% vield). Attempted con-

(28) The different behavior of X1V to these basic systems can be
eiplained veadily by the assumption that with the sodium hydride-
terrahydrefusnn system  intramelecular dehydrochiorinntion is pro-
mated by the inially fornted phienolnte anien,

{29) Previously obtainnd ns gn nil.1*

(30) We nre indebted 10 Dr. Nathan B. Eddy of the Departmem of
Health, Educatien, and Welfars for o sample of LAY 1strabydroconna-
binol of nawral origin.

A1) W, M. McLanare, f, Am. Chem. Soc., 73, 2221 (1951}

{32) M. B. Bhat and K. Venkataramar, Tetrahedron, 18, 77 (1961).
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densations with a variety of other systems?*~? were less
satisfactory.

Scheme 11
ou ci,
+ CHL=CHCOH —
CHy oH
1 XVI
CHu
OH O o]
CH, Ci,
CH,y; 0"“CH, HO O~ NCH,
Xvi XV
A% 0
H CH
CHON __ P
l CH, | cH,
CHy, 07 CH, CsH), 07 CH,
XI1X IX.

Structural asstgnments of XVII and XVIII were
readily made by a study of their spectra.  The ninr spec-
tra were most revealing; the hydroxylic preton in
XVII appeared at 11.73 ppm while that of XVIII ap-
peared at 8.77 ppin, indicating extensive intramolecular
hydrogen bonding in XVII and not in XVIILY o
addition, the signal associated with the methylene
group o to the aromatic ring is shifted downficld by
0.50 ppimt in XVE relative to XVII, mdicating extensive
deshiclding of the methylene protons by the coplanar
carbonyl group in XVINL® The infrared spectrum of
XVII was conspicuous by the absence of absorption
characteristic of a free phenol® while a strong band at
1645 em~! indicative of strong intramolecular hydrogen
bonding® was observed. On the other hand, the in-
frared spectrumi of XVIIL exhibited a sharp peak at
3590 cov™! due to an unbonded hydroxyl and the ab-
sorption at 1670 em™' was more normal for an aro-
matic ketone, Both XVII and XVIIT exhibited strong
shsorption in the ultraviolet region at 280 mu (in
ethanol), However, in strong base this band in the
spectrum of X VI was shifted to 285 mu and 1o 328 mu
in XVIII, indicative of an g-hydroxyaromatic ketonett
in X Vi1 and a p-hydroxyaromatic ketone in X V1L

The condensation of sthy! formate with XVI1 in the
presence of sodium hydride gave XIX. Ring annela-
tion of XIX with methyl vinyl ketone gave IX, identical
in all respects with the material prepared via V, thus
providing a proof for the position of substitution in V
and its subsequent conversion products.

35%? M. KR, Snyder and C. T, Elston, J. Am. Chem. Soc., 71, 364
(1{345'1\1. Miyano ond M. Matsui, Bulf, Chem, Soc. Japan, 31, 397
{I?Egi L. Smith and ¥. A, Engelhardy, 2. Am, Chem, Soe., T, 261
(] ?32; R, D. esai and M. Ekhlar, Proe, Indion Acad. Sci., AB, 194
‘ ?g‘?} L. M. Jackman, “Applicntions of Muclear Magnetic Resgnance
Spectroscopy ia Organic Cherisiry,” The Macmillan Co., New York,
N. Y., 1959 p 69,

{38) See ref 37, p 122,

(39) I.. }. Rellnmy, “The Tnfra-red Spectra of Complex Malecules,”
Juhm Wiley nud Sons, Inc., Mew York, N, ¥, 1954, p 90,

0) See ref 39, p 124,

{41) AL L Scot, “Interpretating of the Uleavioler Spectrn of Watural
Praducts,™ The Macmillnn Co., New York, M. Y., 1964, p 109,
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The cis-ketone X1 was prepared by the unambiguous
route given in Scheme §il,  Catalytic hydrogenation of

Schieme 1IN
™ 1
0.0 0.0
OH OH
i R — —
J i
CH,, 07xq CiHyy 070
VHI XX
CH,
H O @
[ & | cu, OJ H LCI,
CH,, 07 ™>CH, CH,/ 0" cH,
X1 XXt
CH,
H =
H
H |.CH,
CHy 07 CH,
xxu XXt

VIl in the presence of Raney nickel under high pressure
and temperature*® gave the eis-lactone XX. Treatment
of the latter compound with methylmagnesivm jodide
followed by hydrolysis of the protecting group gave the
cis-ketone X1 which was identical with the minor prod-
uct of the chemical reduction of IX, The reaction of
X1 with triphenylphosphinemethylene gave the exo-
cyclic oy analog XXI of tetrahydrocannabinol. Tle
reaction of X1 with methylinagnesium iodide proceeded
to completion, unlike the corresponding reaction with
the frans-ketone Xn, and the methylcarbinol XXTI was
readily isolated. This latter compound was then Je-
hydrated with p-toluencsulfonic acid 1o give a single
product, clearly an endocyclic olefin with an nmr spec-
trum identical with that reported P for XXIH (the efs
analog of Ah-tetrshydrocannabinol).

Experimental Sectiont?

Ethyl  S-Hydvoxy-4-methyl-7-peatyleowmnrin-3-propionnie (V).
A mixture of 299 z (1.66 moles) of olivetalt* (K1), 420 g (.84 moles)
of diethyt a-acetogluturaie (EV), and 152 ml (254 g, 1,66 moles) of
phosphotus axychloride, protected from atmospheric moisture,
was stirred 8¢ room temperature until the mixtere solidified.  The
reaction wns thea allowed 1u stond for o total of 10 Jays. The
solid was dissolved in chioroform, washed three times with water,
dried (Ma,SO4), and evaporoted to an orange solid.  This was re-
crystallized from benzene ty give (in several crops) 481 g (B4 of
V as colorless crywials, mp 320-122°. Turther recrystallizntion
gnve the analytical sample: mp 123-124%; ADTUON 255y (infl)
{2 B60DY, 257 (10,000), 309 (15,000); 5" 1700 cm™! (very broad
and sirang).

(lézgg F. L. deBenaevilic and R, Connar, J. Awm, (Cheém, Soc., 62, 283
(43} ANl melting poiats were deternvined in glass capillaries nnd are
correcied.  The infraret specten were deternined using o Breckman
IR-% spectrophotometer. The ultraviolet specira were determined
using & Cary 14 spectrophotometer,  The nor spectra were determined
using & Varinn A-60 specirometer and are reported 65 patts per million
relative to TMS s ilarnal standard.  All compounds prepared in this
sectinn had compacible infrared, oltraviolet, and nnclear magnetic
resonnace specern, and bypeetral dadn nre given only where significant.
Florisil (Flosidin Ca.) s o syetberc magnesivm silicnte ndsotbent,

Falirentioltz, Lurfe, Kiersiend | Voiwl Spnthesis of dl-Av-Totrakydrocattnabinol
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Angl, Caled for CeeHanQu: C, 69.04; H, 7.57. Found:
C,69.28; H 720,

S-Hydroxy.d-methyl-7-pentylcoumarin-3-propionic Acld (VD). A
small sample of V was mixed with an equal weight of potassiom
carbonarte in 50% aqueous ethanol and heated for 10 min under
refiux,  The solution was dituted with water, acidified with hydro-
chloric ncid, and filtered.  Recrystallization from acetonitrile pave
the analytical sample as colorless crystals: mp 230-231°; LEREW
1660 and i710cm™!,

Anmaf.  Caled for CuHlnOy: C, 6791, H, 6.97. Found: C,
67.70; H,1.24, .

Fsterification of VI fo V. A mixture of 1.0 g (3. mmales) of
VI, 10 ml of benzene, and 1,5 ml of the diethyl acetal of dimethyl
formainide®®** was heated for 3 hr under refhux.  The covled re-
aclion was diluted with cther, washed with 1 N liydeochloric acid
and with water, dried {No:$0.}, and concentrated to an orange satid,
Recrystellization [rom benzene gave 790 mg {72%2) of V as colorless
crystals, mpy 121-124°, undepressed upon rdmixture with an authen-
tic sample,

7,20-Dilydra-1hy droxy-3-pentyl-6H-dbenza[b,dlpyron-6,9(8H)-
dione (VI1). To the sodium hydride obtained by washing 72.0 g
(1.5 moles) of 30% sodium hydricte in mineral oil dispersion with
dry hexane wus added 120 g (0,35 molc} of V and the 1wo powders
were mixed thoranghly,  The reaction Mask was cooled to 15-17¢
and 1.2 1. of dimethy| sulloxide was distilied from calcium hydride
direcily into the reaction fask. After stirring for an additional
hour gt 15177, the reaction was kept overnighs in the refrigerator.
Afler warming to roomn (einperature the repclion mixture was
poured inte & eapidly stirred mixture of 4 1, of ice and weter and
250 mi of concentrated hydrochloric acid, more ice being added as
needed Lo keep the mixture cold,  Afier stivring Tor an additional
heur the slurcy was fillered and the solids were washed well with
water.  The wet filier eake was then heated on the stearn bath with
excess concentrater sodium bicarbonaie solution and, while stil]
warm, was filtered,  The filter cake wis washed wel with water
and recrystallized from acetone 1o give (in several crops) 81 g
(7827) of cyclized product VI as colorless crystats, mp 203-206°,
Further recrystnilization from acctonitrile gave the analytical
sample: mp 205.5-207.5% AT 215 my (infl) (¢ 26,000), 250
(infl) (9750). 258 (10,500), 308 (14,550); »h™ 1670 and 1710 cm™Y
nmr (S0O), no olefinic protons.

Anal, Caled for CuHQy: C, 71.90;
71.8%; H, 685,

The cambined sodinm bicsrbonate ltrates frons severnl reactions
were acidified with concentrated hydrochloric acid and filtered.
The fiter cake was wushed well with water and, while still damy,
was recrystallized from scetonitsile 1o give fram 3 10 10% vields
af the acid VI, mp 228-231°, undepressed upon admixure with an
nulhentic sample,

7,8,8,10-Tetrnhydro-1-hydroxay-3-peaty bspiro[6il-dibenzojb,j-
pyran-9,2°{1",3']tioxolan]-6-one {VIIN). A solution of 9,22 g (0.031
moli) ol VILin 300 rl of benzene containing 10 ml of ethylene glycol
uid 10 mg of p-1akuenesulfonic acid was heated overnight under re-
flux (Dean-Stark rap),  The cooled solution was poured into water
comoining excess sodium bicarbonale. The orgomic layer was
dritdd (e, 80,) and evaporated to a yellow oil whick, upon erystal
lization from dichlorometbanc-cther, gave 9.91 g (44%) of VI
as colorless crystals, mp 112-114°,  Further recrystaliization from
ether gave the analylical sample: mp 11451167 AG™MO4 128
mp (infl) € BA0DY, 250 (inft) (9200), 257 {10,300}, 304 (14,200);
vam 1695 cm; nmr {CDCl), 8 6.65 (two protons), o other
unsaturnted prolons,

Aned.  Caled for CiHyDu:
69.61; H, 731

Oecasionnlly an standing, solmions of VIIE deposited crystals,
mp ~110-140°,  This material, on recrystallization from incthanol,
wns reconveried to materiet with mp 104.5-116°. However, on
recrystetlization from ether it was also converted to a polymorphic
modification of VIIT whose analyticsl sample had my 145-148";
the infmred, nltravielet, and nimr specten were identicn) with those
ofthe | 14.5-116° modification,

Anal. Caled for Cyobta g
69.69; H,7.40,

di-6a,7-1Yihy dro-1-ltydroxy -6,6-dimethy)-3-pentyl-611-dibenzo-
|b,dflpyran-3(@8ID-one (1X). A sturry of 600 g (0175 mole) of
¥illia 1.5 L of eiher was added over 30 min to the Grignard reagem
prepared from 44.6 g {1.04 g-atoms) of magnesium and [10 ml
(25t g, 1.77 moles} ef mathyl iodide in 1.8 §. of ether.  After re-
fluxing for 2 dmys the reaction was treated carefully with 200 ml of
I ¥ hydrochloric acid, the color changing from yeltow to red-

H, 671, Foud: C,

C. 69.75; H, 7.02, Found: C,

C, 6975, H, 7.02, Found: C,

brown ta green, and then with 740 ml of 6 & hydrochloric acid.
The mixture was stirred vigorously for ¢ br and ihen the sther layes
whns washed once with water and once with § % sodium bicarbonaie,
the color changing from green 10 yellow-brown. The ether layer
was dried {Na,50,) and concentrated with stirring under a nitrogen
stream on the steam bath to 500 ml.  The resulting precipitate was
filered to give 38.4 g (70 %) of IX as pale yellow crystals, mp 193~
195°, suitable for the next step.  Recrystallization from dichlorp-
methane-eiler gave the analylical sampie s pale yeltow crystes;
mp 198-199%; ATH™ 231 myp (¢ 16,000), 247 (in8) (5000), 325
(26,800); nmr (CDCly), § 6.53 and 6.25 (two one-proton doublets,
J = 2cps, arpmatic protons) and 8.07 (one-proton doublet, J = 2
¢ps, alefinic proton).

Anal. Caled for CulynQy: €, 76.40; H, 8.14,
76.27; H,8.66.

dLliaB.‘?.lO.l(h'la-Tetmhydro-l-llydrozy-s,ﬁ-dlmethyI-J-pemy|.
H-dlbenzolb,dpyran-98H)}-one (Xa). A solution of 1.5
(0.0366 moic} of X in 100 ml of tetrahydrofurnn was added slowly
1o & mpidly stirred sulution of 400 mg of Nt in 300 ml of liguid
ammotia (distilled through potassinm hydroxide pelicis) kept
at ~70%% Wheaever the blue color began to fade, addition of
IX was stopped and more lithivm was added.  Addilion of 1X
was then resumed.  ‘This process was repeated until & permanent
blue color persisted ofier the tomplete addition of [X. A total of
1.04 g (0.15 p-ntom) of lithium was udded.  Stirring was continued
for an additional 5 min and the blue color was discharged by the
nddition of ammoniem chloride. The antmonia was allowed to
evaporate and 1he resicduc was diluted with 500 ml of water, acidi-
fied with hydrochloric acid solution, end extracted with dichloro-
methane.  The extracts were dried (Na,50,) and concentraied to an
vil, Crystallization  {rom dichloremethane-hesane (until the
mather liquors were frec of either Xa or X[ as shown by tle) pave
n tolal of 9.13 g of colorless crystals (79%%) of a mixiure of Xa and
X1 and Ktthe else (as shown by tlg), “This material was then re-
crystaflized from methanol-water 10 pive 6.09 g (52.7%) of the
trans-kelone Xn, free of the eis-kelone X1 (thin laver chromatog-
taphy), mp 162-164°, Further recrystallization from dichiore-
methane-hexane gave the analytical sample of Xo vs colorless
crysials: mp 163-163%; NI 230 my ¢infly (e 9800), 275 (infl)
(1375), 2R3 (14903, vE'E 1605 cmy-1.

Anel, Celed for CooMnQe: €, 75.%1; H, 8.92.
75.87; M. 0.8%.

Several times the rruns-ketone Xo was isolated ns & lower melting
polymworph  whose analytical sample (from  dichbloromerhane—
ether) hnd mp 199-130°,

Anal, Caled for GeHwD,:
76.19; H,9.22.

The two samples hnd identicnl infrared, ubtraviolet, and nn
spectra and idemical Lehavior on {le,  In addition, the sarmples
eould be interconverted by judicious choice of recrystallization sol-
vents ond seeds.,

The mother liquors from severnl of these reductions were com-
bined and chromatographed over silica gel. Later benzene frac.
tions contpined essentially pure Xa. Recrystallizalion from eth-
nnol-water then gave an amount of Xe, mp [62-165, correspond-
ing to & tolal yield of Xa of 9%, Further elution willi beawzene
and with mixtures of benizene and ether gitve mixtures of Xa and XI,
until 3:1 benzeng-ether gave a snall amount of solid which upon
recrysiallizotion from ether gave i1he cis-ketowe X! as colorless
crysials, enp 14B-150°, undepressed upon aclmixtuse with an nuthens
tic smnple of eis-ketone prepared from XX (see below).

efl-Gaf, 1,10, 10ac-Teteahy dro-Lhy droxy-6,6-dimethy -3-penty).
GH-dibenzolb,djpyran-8(8H)-one Acetate (Xb). A mixturcof 100 g
(3.2 mmoles} of Xa, 5 ml of pyridine, and 5 ml ol acetic anhydride
was hented for 15 min at 1007, at the end of which time e showed
the renction 10 be complete.  The cooled selation was diluted with
100 ml of water, stirved for 30 min, and extracied with ether.  The
ether layer was exiracted four times with water, dried (Na,S0,),
and evaperated to 1.07 g of a scmicrystalling residue,  This was
crystallized from hexane to give 0,80 g (71%) of Xb ns colorless
crystols, mp BG6-01°.  Further recrystallization from hexane gave
the analytical sarmple: mp 88-91°, KW 227 my (infl) (e 11S00),
275 (2000), 282 (21BOY; »EM™™ £705 nud 1765 cn—'.

Anal, Caled for CuyHuO C, 73.7; M, 8.44. Found: C,
73.63; H.8.35.

dl-63(3,7,8.9, 13, 10na-Hexahyileo-6,6-dimet iy |- «methytone-3-
pentyl-6it-dibenzofddipyran-t-0l (XID. A sy of sodium

(44} Thin layer chremniography of the 1otal product mixtares showed

thal e reductions at — 70° were mucl cleaner than those at — 13°,

Found: C,

FFound: C,

C, 7591; H, 892 Found: C,
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hydride (obtained by washing 1.52 5 (0.032 mole) of 30327 sorliurp
hydride in minzral oi} dispersicn with dry hexane) in 80 m) of di-
methyl sulfoxide was heated at 50° until sotution took place (about
3 hr). Afier addition of 11,86 g {0.034 mele) of triphenylinethyl-
phosphonium bromide, the reaction was heated for 3 hr at 70°,
A salttion of 1.00 g (0.0032 mole) of Xa in 60 mi of dimeathyl suif-
oxide was ndded and the reaction was heated overnight at 70°.
The cooled reaction was poured into a mixiure of ice and water
containing 20 g of sodium bicarbonate. This was extracted whh
bLenzene and (he organic layer was washed with water, dried
{Na,50.}, and evaporated to 6,15 g of a tan oil containing triphenyl-
phosphinc oxide by thin layer chromatography. This oil was
passed over silica el in 171 hexane-benzene to give 1.57 g of color-
less oil containing an odorous impurity. This oil was absorbed
onto sitica gel in hexane and the first hexane eluates conlnined the
impurity, Later hexane eluates were evaporated to give 0.59 g
(597) of XII a5 a colorless aff: ASHOM 230 my (infl) (¢ 9620,
274 (1290), 283 (1300); pmr, see Toble 1,

Anpl. Caled for CuldseOy: C, 80.21; H, 9.62. Found:
C,79.95;, H,9.91,

Attempted Isomertzatlen of XH. A solution of 40 mg of XII
and 3 mg of p-toluenesuifonic acid i 3 ml of benzene was heated
for 15 min under reflux. The cooled reaction was poured into
waier containing an excess of sodium bicarbonate. The benzene
Iayer and one benzene wash were combined, dried, and evaporated
to an oil. This was evaporntively distitled at 135° (0.05 mm} to
pive 28 g of an oil with an amr spectruemn identical with tha of XL

af-6af,7,8,9,10,100e-Hexakydro-6,6,98-trimethyl-3-peney [-6H-
dibenzold,dIpyran-1,2a-diol (XiHIa). To a refluxing solution of
methytenagnesium jodide prepared from 10.50 g (0.43 g-alom)
of magnesium and 27.0 mi (61.5, g, 0.43 mole) of methyl iodide
in 650 ml of ether was added a solution of crude Xb prepared {rom
15.0 g (0,047 mole) of Xa dissolved in 500 ml of ether,  The solu-
tion was heated for an additional frour under reflux and exgess
Grignard reagent was decomposed by the cautious addition of waler,
The reaction mixture was acidified with 3 & hydrochloric acid and
the ether layer and severnl ether extracts were washed with water,
sodium bicarbonate solution, and Anally with water. The ether
layer wns dried (Na,50,) and evaporated to a semisolid oil which
on crystallization from ether-hexane gave 1393 g {(88%]) of o
mixiure of carbinols suiteble for conversion to the chloride XIV
(see below). Recrystallization from cther~hexane gave 6.82 g
(43%5) of Xtlla as colorless erysials, mp 159.5-166°, Fuorther re-
erystillization from ether-hexane pave the analytical sample:
mp 162-163%; SRR 230 g (inf) (e O50U), 278 (1220), 282
C1290); pEns™ 3595 em~*, no carbanyl absarption.

Anafl.  Caled Tor CylaQ,: C, 75.86; H, 9.70.
75.97; T, 9.88.

The same carbinol (X1L[n) could be oltained by the Grignard
reaction with the tetrahydropyrany! ether of Xa followed by acid
hydralysisia 11 %] yield.

dl-9er-Acetoxy-Gaf,7.8,9,10, 10na-Loxaly dro.6,6,98-1rinrethyl-3-
penty -6 H-dibenzolld]pyron-l-ol (X11IL). A solution of 100 mg
(0.1 mmeole) of Xi{la in 1 ml ofacetic annydride and | ml of pyridine
was hented for 3 hr on the steam bath.®  Tao the cooled reaction
was added 5 mi of water and stirring was continued for 15 min.
The reaction was diluted with erther, washed [our times with
water, dried (Na.SO,), and evaporated to give the crude diacetate.
This was mixed with 300 mg of sodium bicarbonate in 10 ol of
metbanol and 2 mi of water and Deated for 15 min under 1éflux.
The cooled reaction was diluted with 10 ml of water and fittered
1o give B3 myg (7555) of X1 as colorless erystals, mpy 130-135°,
Recrystallization from hexane gave the analytical sample: mp
137-139.5°; pEof MU0 and 1720 o,

Anal. Cpled Tor CeHaOQ0 G, T176;
C, 73.66; H,9,24,

lt-6a,7,10,308cFetrnhydro-6,6,9-t: intethy)-3-peuty 1-6H-dl-
beneo{befJpyran-1-0l (- A%-Tetrahydrocamhinn’) (A1, A solution

Found: C,

H, 9.15. Found:

{45) The asstylntion and hydrolysis were both nliowed by (e,
It hng been noted enrlier that the enrbinol Xilla had a much lower mo-
Lility (silica ped plues, 1553 ethyl sretane in benzene setvent) than uny of
the compounds without the 9a-hydroxyl.  During the acerylation,
Xlliia disappenred rnpidly and & new spot very similar in mobility 10
K1ln appearad.  This material is the arematic acetale.  As the acely-
Intion proeeeded, this acerate was grodunlly replaced by o very mobile
product, the diacetate, During the hydrolysis, the dincetate was
rapldly replaced by another very mobite product XIHb which, on pro-
longed hydralysis, was rzeanverted intn XITla,  Thus, as to be expested,
the phenolic hydreayl is Uoth acetslated and regeneratcd fasier than e
tertiary nlipharic bydroxyl,
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of 500 mg (1.5 mmoles) of XIIia and 50 mg of p-loluenesolfonic
acid in 50 mb el benzene was heated for 30 min sader reflux (Dean-
Stark teap). The cocled solution was passed through a small
column of silice get and the benzene elustes were cvaporaied 1o
pive 454 mg (3677) of U a5 a colorless oil {only ane isomer by gipc
and with spectra identical with those of the analytical sample),

To 35 ml of benzene containing two drops of pyridine was added
330 myg (1.1 mmoles) of Il and one-third of the solvent was distilled,
The solwtion was cooled 10 room temperature under a drying ttbe
and 278 mg (1.3 mmoles) of 3,5-dinitropheny! isocyanate™ was
added. Alter stirring overaight a small amount of solid was re-
moved by filtrution and the yellow filtrate was adsorbed onte Flori-
sil.  Elution with benzene gave a colorless cluate and a light yeilow
band on the upper portion of the columan.  Concentreation of the
¢luate gave colorless erystals which, upon ene recrystallization from
ether~hexane, afforded 330 mg of the 3.5-dinitrophenyturethnn of
[l mp 208-209.5°, Recrystellization of this material was not suc-
cessful end gave u product with n lower meling point. “Therefore
no furcher guempts were made 1o characterize bl iz 1he 3,5-
dinitrophenylurethan and 180 mg of this solid was hydrolyzed by
stirring with 1.1 mt of 1 ¥ sodium hydroxide solution it 50 ml of
methanol avernight.  The solution was powed into a mixture of
cther und excess diluie hydrochloric mcid. The eiher layer was
washed with water, dried (Mn,SO.), and concentroted.  The residuc
was dissolved in benzene and passed over Florisih, The upper
poction of the column was bright yelfow and the colorless benzene
eluate was cvapornted 10 Five 40 mg of the analytical sample of i1
o5 a colorless oil: AZU'™ 231 mu (inll) (¢ 8820), 275 (1160}, 283
CH190); 50 3600, 1620, nnd 1575 em™!; nmr, see Table I

Aral, Coled for CyHyuOy C, 80.27; H, 9.62
C,50.30; H,9.73.

n’l-9~(,‘ltlom-6aﬁ,7.5.9,|0.lﬂaa-llexnhydru-ﬁ.b.k!-trimctlwl-ﬂ-pentyi-
6H-dibenzolb,Alpyean-1-0) (XIV). To a solution of 7.10 & {0.021
mole} of n mixture of carbinols (see the preparation of XTn} in
100 ml of glacial acetic acid was ndiled a solution of 72 g of zinc
chioride in 56 ml of concenirated hydrochioric acid.  After stirting
for 3 hr at room temperature the reaction mixture was poured into
a mixjure of 2 ). of water nnd 2 1. of cther, The cther layer was
washed five times with 1-1. portions of water, dried (Na:50.),
an! evaporsled to & yellow oil. - Crystallization from hexane gave
5.53 g {747) of XIV as colorless crysials, mp 85-90°  Recrysini.
lization from hexrne gave the analyticnd sample os colorless crysinls
mp 82-90°1 AL 230 me (infl) (e 9700}, 276 (1200), 297 (1230).

Anat. Caled for CoHuClO-: C, 71,8R8; M, 890; CI, 10.10.
Found: C, 71.92; H, 9.02; C1, 10.06.

Similarly, purified carbinol X[la gave X1V in compnrable yiclds.

The Preparatian of XV Directly from Xa. A shurey of 10,00
8 (0.0316 mole) of Xa in 100 ml of ether was added over 1S min to a
solution of methylmnguesium iodide prepared from 7.0 g (129
g-atom} of magnesivm and 1800 ml (41.0 p, 0.29 molc) of methyl
1odide in 500 mlof ether,  The reaction was heated for 90 min under
reflux and cooled in an ice bath. Water was addel carcfully to
decompose the excess Grignard reagemt and cnough 6 N hydro-
chlorit acid was added to give two clear layers.  The urganic layer
wis diluted with 600 ml of ether and washed twice with water and
finnlly with brine, The solution was dried (Na,50,) and congen-
trated,  To ibe vesidue dissolved in 150 ml of placial acelic reid
was added a solution of 103 g of zinc chlorids in 80 ml of concen-
trated hydeochloric acid,  After stirring for Y0 min at room temn-
perature the reaction mixture was pourcd into a niature of 3 1.
of water and 2.4 1, of ether.  The cther laver was washed five times
with L.5-i portions of waier. dried (MrSQ0), and evapornted.
The residue was dissolvd in benzenc and adsorbed on a colunn
of silica gel.  The coluinn was eluted with benzene until thin byer
chromatograms showed that no mare XIV was bting eleted,  The
coeluni was then eluted with ethwr and these ether eluntes were
worked up to give 3.64 g of recovered Xa, The benzene eluntes,
were evaporated and crystallized rom hexane to pive 345 5 (49%.,
based on umecovered Xa) of X1V as light tan crystals, mp BS-B§®,
identical with the material obtained directly from the carbinol ¥11ia,

df-Ar-Tetrabydrocnnnablnel (1) and  @-AR-Teteabiyilrecnnnnabliol
(D). To asiurey of the sodium hydride from 1,00 g (0.02 mole) of
3077 sodimm hydride in mineral oil dispersion {(washed free of min-
eral oil with dry hexane) in 200 ml of tewabvdrofuenn {distilled
from lithium atuminum hydride) was adeled 1.00 g {0.00285 moic)
af XIV. The reaction was heated overnight under reflux with
stirring, coaled 10 room temperature, and poured carefully into a

Found:

{46) C. Nacgceli and A. Tyabji, Hele, Chim, Acto, 16, 348 (1933).
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mixture of water and ether.  The ether layer was wnshed four times
with 500-ml pertions of water, dried (Ne=S0,), and concentrated
1o B75 wng (M) of a yellow it Vapar phast chromutographic
analysis* of this oil showed the presence of I and I in the ratio
74:26 accompanied by only traces of otheér components.

th-60(3,7,8,100a-Tetrahy dro-6,6,9-trimethy)-3-pentyl- 6H-dibenzo-
[blpyran-1.0l m-Nitrobenzenesutfornte (XV}. To n solution of
500 myg (1.6 mmoles) of the 74:26 mixture of T and 11 in 10 ml of
dry pyridine was added 700 mg (3.2 mmotes) of mr-plirobenzenc-
sulfony! chloride. The solution was heated for 8 hr at 60° and
then for 4 br at 75° at which time tle indicated the reaction was
complete, The cooled reaction was pouted into A mixture of ether
and dilute hydrochlaric oeid. The ether layer was washed with
dilute hydrechlaric acid, water, dilute sodium bicarbonate, and
finallty with water, dried (Na;SQ4), and evapornied. The residue
was recrystatlized repeatedly from methanol to give 180 mg (3350)
of XV as very pale yellow crystals, mp 106-107.5°. The analytical
sample had mp 105.5-107.5°: AT 230 my (infl) (e 11,600,
247 (7650}, 280 {infl} (¢ 3950); nmr (CDCL), 6.60 {one-proton
doublet, J = 2 cps). 6.38 (onc-proton doublet, J = 2 ¢ps), 6.0%
{one-proton broad singlet).

Anal.  Caied for CullaNG,S: C, 6491 I, 6,66; N, 2.80; S,

6.42. Tound; C, 64.64; H, 636, M, 2.70; §, 6.78.

dl-6ef,78.1020-Telrnky dro-6,6,9-trimethyl-3-pentyl-6H-diben zo-
[&udlpyran-1-0) (dl-a*-Tetrnhydrocannabinel) M. A solution of
1.69 g (3.4 mmoles) of XV in 600 tnl of methanol containing 25 mi
of 1 & sodium hydroxide was heated under reflux until tlc indi.
cuted the reaction was complese {45 min), The cooled reaction
was poured inta ether and ditute hydrochloric acid,  The organic
layer was washed with water, dilute sodium bicarbonate, and finully
with water. 11 was dried and evoporated to o pale tan oil which
on crystallization and recrystallization from hexane gave 0.80 g
(B4 %2} of I ns very light ten crystols, mp (vac) 60-62°. The analyt-
ical sample had mp {vac) 64.5-65,5°; the glpc retention time (o
detectable impurities) aud jnfrared, ultraviolet, and nmr spectra were
identical with natural ~A%-tewrnhydrocannabingl: for nmr den,
sce Table I3 ASTO% 230 my, (inf1) (e 10,0080, 275 {1250y, 282 ($280);
viBE" 3595, 1620, 1575 om- .

dAnal.  Caled for CxHaOy: C, B0.21; H, 562, Found: €,
80.34; H, 9.54.

S-Hydroxy-2,2-dimethy)-T-pentyl.4-chromanone (XVID and 1.H y-
droxy-2,2-dinethy-5-penty l-4-chranmpone (XVIIE. A mixture of
73 g (.4 mole) of olivetel (110 and 47 g (0.47 mole) of 3-methyl-
crotunic aeid {XVE) was heated in an o3l bath o 125°. Through
the cordenser, 4 ml ol boron tiftuoride etliecate was wdded and
the schuion was heated overnight under reflux, The partinlty
roaled veaction was diluted cortiously with 100 mi of water followed
by 425 il of § ¥ sodiuem bydronide and then boiled for § min on
the steam bath,  The solution was cooled, acidified with 6 N hydro-
chioric acid, aml exiracted with cthier. The ether extrocts were
washed with woter, dilite sodium bicurbonate, ad water and then
dried (NaeS0,) and concertritted to 106 g of a 1an oil.  This was
digsolved in cether and extracted repeatedly with § M sodium hy-
droxide sobution. The ether leyer, upon drying and cvaporation,
gave 53.1 g (50%) of crude XVIU as a light tan oil suitable for the
next siep. Repeated recrystallization from niethanol at -70°
gave the annlyticnl snmple of XVIL ns tan crystals: mp 23-27°,
normally handied o5 an oil; AS™™ 229 my (infly (¢ 11,780}, 280
(13,B00), 348 (29B0); Mua (in ethanolic sodium acclae) 280
(12,4500, 348 (2940); AL’ ™" 242 (14,200). 285 (11,1300, 373
€5250); ema™ 1645 =ty e (CDCRGY, 11,73 {oue-proton singlet,
hydroxylic proton), 6.33 and 625 (two one-proton daublets,
J =~ cps, sromatic protons), 2.72 (twe-proton singlet, C-1
H's}), 2.51 (twe-proten triplet, e methylent), 1,45 (six-proton singlet,
2,2-0is CHa), and .88 (theee-proton triplet, w-CH,).

Anal. Caled for ColieQy: C, 71325, M, K45
7302, H,8.75,

The t N sodium hydroxicde entracts of the tol reaction mixtuure
were acidified with hydrochloric acid mnd extracted with cther,
The extrocts were dried and concentmted.  Cryswallization from
acetonitrile gave 2.1 g {229 of crude XVIII 85 tan crystals, mp
82-86°. Recrystallization from hesone gave the m1a]r1ica| aample
of XV as colorless ciyseals:  mip 94.5-06°; AWM 230 oy

Fowmd: C,

(47} The vapor phase chromatographic analyzes were done on an
F & M Modet BI0R-19 instrument with dual hydrogen Hame deteciars.
The colunin was 0.25 in. X 6 ft packed with 0.5% NPGA -+ 0.5%
PEGANOMS on Anzkrom ARS {60-70 mesh},  The eotumn flow was
180 co/min of nitrogen, the column temperature was 220°, and 1he
reseution time of [ was 20 min and that of 11 was | 8 min,

(e 13,640), 233 (9400), 2RO (14,300), 313 (4700); A (in ethanolic
sodium ecetete), 2885 (62503, 328 (13,500); MOIFKON 26y {6650
and 328 (19,500); o7 3500 and 1670 em~': nuw (CDCI,),
8.77 (one-proton singlet, hydroxylic proton), 6.35 (two protons,
pair of doublets, aromatic pratons), 2.70 (two-proton singlet, €-3
H's), 3.02 {two-proton triplet, o methylenc), 1.42 {six-proton singlet,
2,2-bis CH,), and 0.87 {threg-praton triplet, w-CHy).

Anal. Calcd for CHuQy: C, 73.25; H, 845
7298, ¥, 8.72.

s-Hydroxy-3-hydroxymelhy!cnc-l.z.-dimethyl-'?-pcmyM-chm-
manone (XIX). To the sadium hydride obtained by washing 78,3 [
(1.64 males) of 50% sodium hydride in mineral oil dispersion with
hexane was added (at room temperature) & solution of 46.) g
(0,175 mole) of XVl in 172 mI(159 g, 2.15 moics) of ethy) formate,
utilizing n Dry lce condenser during the nddition. This condenser
was then replaced by a water-jocketed condenser.  Ether (4.4 1)
was added and after heating overnight under reflux the reaction
was cooled nnd acidified with | & hydrechloric acid. The ether
Inyer and two ether washes of 1he agheous layer were washed witi
1 N hydrochloric acid gnd (wice with water und then extracted five
times with | ¥ sodium hydeoxide. These besic extracis were
acidified and extracted with ether. The ether was dried (Na.50,)
and coscentrated to 27.5 g (54%) af crude XIX a5 a yellow oil
suitable for the neat step. Crystallization and recrystallization
from hexane pave the anabyticsl sample as yellow crystals: mp
31-32.5%, ATNH 223 my (infl) (e 16,400), 274 (4900), 334 {15,650},
366 (infl), (B480), 386 (inf) (4200).

Anal. Caled for CpHxQy: €, 70.32; M, 7.64.
T0.60; H, 7.69,

The Preparntion of IX from XIX. To n solution of 8,33 g (0.029
mole) of crude XX in 43 ml of methanol and 4.25 0] of methyl
vinyl ketone was added 1.0 mi of tricthylamine.  After standing
overnight rt room temperatore, the solution was dilwied wiih
500 ml of ether nnd extracted four times with 107 sodium carbonaie
solution.  The ether solution was dried (Na,SO.) and concentrates!.
The residue (8.43 p) was heated overnight under eeflux with 84.3
ml of ethanol and R4.3 ml of 2 N potassiom hydroride solu-
tion. The cooled solulion was neidificd with 6 N hydrochloric
acid nnd extencted with dichloromethase.  The extracts were deicd
(Na;S0,) and eoncentrated, and the residuc was crystaliized from di~
chloromethnne-ether to give 4,11 g (35%) of 1X as yeliow crysials,
mp 195-198°.  Fusther regrystellization gave pale yellow erystals, -
mp 197.5-199°, undepressed on admixwure with a sample of TX,
prepared from VELE

di-60f,7,8,9,10, 1038 Hcxahydro- Ldiydroxy-3-pentylspire[6H-l-
benzolb,dlpyran.9,2¢[1”,3 Idioxalan)-G-one (XX}. A solution of
5.00 g (0.0145 moie) of VIH in 100 m1 of ether was subjecied to
hydrogenation ag 2150-1h pressare andd 130° for 2 hr in 1he presence
of (1.5 g of Rancy nickel.  The catalyst-free solution was evaporated
to a crystnlling vesidue which, on recrystallization from ether-
hexane, gave 3.53 g (T07%) of XX as colorless crystals, mp 142.5-
143.5°, A sulisequent reduction under apparently identical con-
ditirns on n 50- scale gave a 33% yield of XX,  Further recrystnl-
lization from ether-hexpne gave the malytical sample; mp t43-
144°; WG 278 my (infl) (e 2400), 282 (2790),

Anal. Caled for CalhaO:: €, 6%.34; H, 7.57.

C, 63.02; H,7.30,

uf-6ai1,7,10,10n3-Tetrahy dro-1-hydroxy-6,6-dimethyd-3-peutyl.
Gl 1-dibenzolh Apyran-9(BH).one (XI). A slurcy of .60 g {0.0104
mole) of XX in 180 mi of ether was added (ergon atmuosphere)
over 30 min té a methytmagnesiun iodide solution prepared frown
111 ml(25.3 g, 0.1R mole) of methyi iodide and 4.32 g (0,18 g-atom)
of magnesitnm in 180 il of ether, The reaction was heated over-
night under reffux and 1 & hydrachtoric acid was added carefully
untid twey clear layers were obtnined. The syueous Inyer was
washed with dichloromethane, ond the combined organic layers
were concentrated.  The residue was mixed with 80 mi ol iethanol
and 40 mil of 3 ¥ hydroehlaric acit and heated For 2 hr under re-
flux. The cooled reaction was diluoted with 560 vl of watcr and
exracied with dichloromethone.  The extracts were dised (MNa.50,)
and concentrated to a erystolline residue which on recrystallization
from ether gave 1.71 g {53%) of colorless crystals, myp 148-150°,
Further recrysallization fremn ether-hexone gave the nanalytice?
sample: mp 149.5-180.55, ASH™ 230 myp (infi} (¢ 9800), 277
(13703, 283 (1620,

Anof, Calcd for CoyHaOy: C, 7591 H, 852

76.04; H, B.68.
di-6af,7,8,%,10,10a8-Hexalyilro-6,6-dlinciby 1-3-methy lene-3-

pentyl-GH dibenzofbd|pyran-1-08 (NXE). A slucry of sodium

hydride {obiained by washing 3.04 g (0.063 mole) of 305 sodium

Found: C,

Found: G,

Faund;

Found; C,
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hydride in minerol oil dispersion with dry hexnne) in 120 m] of
dimeshy] sulfoxide was heated &t 50° until solution 100k place
(about 30 min). After addition of 22.6 g (0.063 mole) of tripheny)-
methylphosphoninm bromide the reaction was heated for 3 hr
at 70° A solution of 2.00 g (0.0063 mole) of Xiin 120 m! of tetra-
hydrofutan wos added and the reaction was hemed overnight
under reflux.  The cooled renction was poured in1o a mixture of
ice nnd waler conthining 40 g of $adium bicarbonate, This was
exiracied with benzene and the extracts were dried (Na:50,) and
concentrated to & semicrystalline residuc.  Addiion of cther and
filtration gave two crops of triphenylphosphine oxide which con-
tained no XX by thin layer chromatography and were discarded.
The evaporated mother liguors were passedl over silica gel in 1:1
hennne-benzene, The cluates were concentrated and crysisilized
from hexane at Dry lce temperature 1o give 0,94 g (47%) of XX ns
tan ¢rystals, mp 35-50%  Further recrystallization gave the analyt-
ical sample as colorless crystals: mp 48-52°%; ADYO" 230 my
(inf) (« 9500), 277 (1200), 264 {3230} nmr, see Table 1,
Anal. Cakd for CnMO0:: C, 80.21; H, 9.61. Fpund:
C.80.26; H,%.21.
al-628.7.8,9.10,L10n8-Hexnhydro.6,6,9-trimethyl-3-penty I-6EH i~
benzofddpyren-19-diot (XXID. A slurey of 500 mg (1.58 mmoles)
of X1 in 10 ml of ether was added 1o o solution of meiliylmagnesium
iodide prepered from 106 mg (4.4 mg-atoms) of magnusivmn and
(.30 m (0.68 g, 4.8 mmoles) of methyl iodide in 10 mi of ether to
give a clear reaction mixture.  After henting for 1 hir under reflux
the reaction was cosled in an ice bath and 1 ¥ hydrochloric acid
wes added umil two clear layers were farmed.  'The organic Inyer
was diluted with ether and washed wwice with water, once with
dilute sodium bicarbonate, nnd again with water, The ether solu-
tion was dried {Ne:SO,) and concentrated to an oil which on crystal-

5941

lization from hexane guve 380 mg (72%) of XXE os colorless crys-
tals, mp 142-145°  Recrvstailization from ether-haxane zave the
analytical sample: mp 142-145%; A3 330 my (inA) (¢ 10,000),
278 (1420}, 283 (1450),

Anal. Caled for CyHywO,;
76.07; H,9.B3.

dl-6af3,7,8,100 - Tetrahydro-6,6,9-trimethyl-3-penty L. 6H-di-

benzolbdlpyran-T-ol (XXUI). A solution of 828 mg (2.5 mmoles)
of XX and 50 g of p-toluenesulionic acid in 50 mb of benzene
was heated for 30 min under reflux. The cooled solution was
washed with dilute sadium bicarbonnte, dried (Nn,S0,), and evapo-
tated 10 give 770 me (98 7} of XXIII as a colorless oil. A small
portion of this oil wny eveporatively distilled at 13$° (0.05 mm) to
give the analyticol sample: ASV™" 232 mp {infl) (e 9850), 275
(1470), 282 (1500): ner, see Table 1.

C, 75.86; H, 9. 70. Found: C,

Amal.  Caled for CoHyOp: €, 80.21; H, 9.62. Found: C,
79.87; H,9.47,
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Photochemistry of Nucleic Acids. III. The Structure of
DNA-Derived Thymine Photodimer®
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Absteack: The identity of the major thytine photopreduct derived from DN A is estabtished with the cis-sya dimer
! abtained from ircadiation of thymine inice.  The “C-labeled photoproduct was mixed with unkabeled ice—dimer
and the cocrystallized material treated with bromine in alkali.  The resulting stereospecific rearrangement reac-
tion gave cis,els,ris-3-carbonnmido-1,7-dimethyl-3,5,0-trinzatricyclof5.3.0.01¢deca-4,8 10-triane. (7) reteining more

than 9i % of the specific activity of the recrystallized dimer.
gited by performing the reaction in oxygen-18-enriched solvent.
into the praduct 7 is consistent with a mechanism involvin

droxide.

Goocl evidence exists®¢ that photoproducts of thy-
mine and of cytosine are responsible for the ma-
jority of photobiological effects cavsed hy ultraviolet
irradiation of DNA. The formation of pyrimidine
dimers is particularly important in this respect and, in
prineiple, they can arise cither by photoaddition of ad-
jacent pyrimidines in the same DNA, strand—intrastrand
dimerization or from bonding between two ncighboring

(1) PaperIE: G. M. Binckburs and . J. 15, Davies, £, Chem. Soc., C,
2234 (1946).

(2} Author to wham inguiries should be directed at the Drepnrimment
of Chemistry, University of Shefiicld, Sheffiela, England.

{3} Abbreviations ued: DNA, deoxyribonueleic ncid; -RNA,
wansler tibonucleie ncid; T, thymine; TT, thymine dlimer; UT. ueacil-
thymine dimmer.

(4) R. D. Setlow and W, 1., Currier, J. Mol Biol, 17, 237 (1966).

The mechanism of the rearrangement was investi-
The observed nonincorporation of this isotope

g isocyanate formation without nucleophitic attuck of fy-

pyrimidines, one in each strand, giving interstrand di-
mers and thus effecting eross-linking between the com-
plementary DNA chains.

These two modes are expected to fead to dimers of dif-
ferent stereochemistry, and the inspection of molecular
models resulted in the prediction® that intrastrand
dimers should have cis~syn stercochemistry whereas
interstrand dimers would give rise to either eés—anti or Lo
trans—anti products,  An alternative opirion® has sug-
gested that such crosslinking would afford cis—amri
or trans-spn imMerstrand dimers.

g‘gi)G' Fraepkel und D, L. Wulll, Mochim, Biophys. Acta, 51, 332
(1 .

(6) C. Nogata, A. Inamwra, Y. Tognshira, M, Kaodatig, nnd N,
Fukada, J. Theoret, Bial, 9, 137 {1965).

Blackburn, Dacies | DNA-Derived Thymine Photodimer Strucuwe
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The stability of cannabis and its preparations
on storage

I. W, PAIRBAIRN, J, A. LIEHMANN AND M. G, ROWAN

Department of Pharmacognasy, The School of Pharmacy, University of Londen, 29139,
Brunswick Sguare, London WCIN 14X, UK, -

" Solutions of pure cannabinoids; nine samples of hesbal and two of
resin cannebis (one freshly prepaced) were stored in varying condis
tions for up to 2 years, Exposiire to Hglh& {nct direct aunlight) was
shown to be the greatést gingle factor in loss of cannabitiolds asﬁec}- .

y in Go{:ll;lig;l:l’ w%chhnhonld mt?er;d‘om b;; pmtc;t‘:c'ld t‘rom‘:I alﬁ:
duifng an snd phytochemical operations. ous ¢ :
that sblutlone in &thanol were stible bave not been substantiated.
The effect of temperature, up to 20°, was Insig it but alr oxidation
did lead to significant losses, These could be reduced if' care was
taken to minimire dmnnmo the glands which act as “well Alled,
well closed containers”. Ldsa of tetrahydtocannabinol after e;nlposgu
to light does not lead to an increass In cannabiro}, but air sxidetion
in the dark does, It Iz concluded that carefully prepared herbal or
resin cannabis or extracta are ressonably stablefor 1o 2 years if stored
in the dark at room temperatuze, = -

(¥}

It has long been recognized that cannabis resin dnd herbal cannabis lose potency
on storege and this instability is sid to be one reason against the use of cannabls in
medicine in the past. Since the recognition that potency is malnly due to the content
of Al-frans-tetrahydrocannabinol (THC) somes work on resin and herb has indeed
confirmed that the THC content falls on storage (Lermer, 1969; Mauader, 1970;
Mechoulam, 1970; Schou & Nielsen, i970). Three reports indicate that ethanol may
exert a marked stabilizing effect (Eckler & Miller, 1917; Kubeng, Barry & others,
1972; Razdaan, Puttick & others, 1972), Little of the earlier work was done on care-
fully dated samples, with adequate methods of analysis, nor were varylog conditions |
of storage examined in detail. In 1971 we therefore began experiments designed to ..
test the effect of the obvious factors of light, oxygen and temperature and to include
in our consideration the fact that in the plant the active resin is stored in glands which
are virtually “well-filled, well-closed containers”. When preparing resin cannabis
and some forms of herbal caniabis, such as ganja, many of these glands will be burst
and the released resin will be exposed to air oxidation. Extracts and solutions in
various solvents were also examined as these preparations are likely to be handled
during phytochemical work.

Since commencing our work Turzer, Hadley & others (1973g) publiched results of
experiments covering 1970-72; they used a wider range of temperature than we did
but did not study the effect ol light in detail: also their results were based on one sample
of herb only, Work bas also been carried out on short exposure of cannabis leaf to
relatively high temperatures (Coffman & Gentner, 1974) and the stabillty of extracts
and pure cannabinoids {u solvents (Turner, Hadley & Davis, 1973b; Parker, Borke
& others, 1974; Turner & Henry, 1975). Garrett & Tsau (1974} reported on the

. effeot of pH during storage; however, they used extremely dilute solutions of THC in
" water (0-5 ppm) and do not seem to have considered the effect of light.
"
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_ever, for the work on the effect of light or purs THC, triacontane was used as inferas . :

2. 3. W. FAIRBAIRN AND OTHERS

MATERIALS AND METHODS

Herbal cannabis. Samples were prepared from our own plants grown in Englan ;
those labelled “UN et." were from seeds supplied by the UN Division of Narcotics;
Geneva; SP1 was from sceds putchased In Merzifon, Turkey, 1969; SP4, a Nepalese 3
variety; SP5, from a police seizure in Londen, 1971; SP10, a Mexican strain and SP11, 3
aceds. from the Cameroons, 1972, The leaves and tope, frecd from stems more than

2 mm in diameter, were deled In ths shade in & current of air at about 20° Foz' - i B

enalytical purposes it was not possible to sample adequately without powdering the}
heterogeneous material; unfortunately this obviously burst some of the glands. TN
get some idea therefore of this effect, conrsely and ﬂnely powdered samples from thel
same material were stored separately.

' Cannabis resin. One batch of Pakistani resin which had been seized by the policg o4
in August 1968 was used. In addition we prepared a sample from ths dried tops ofg
one of our varieties (South African, UNC 335, collected in November, 1973), Th -f:‘-
tops which contained 3-64% THC were frozen 1o make the ‘glands hard and britti]
and then coarsely powdered. This powder was rapldly sieved through sieves o
varyiog fineness. Thosefractions coarser than 180 zm mesh aperture width containe
19 to 3-77, THC; that fraction passiog completely through 125 pm mesh contained
11-6% THC. Microscopical examination showed the preseace of numerous cystoll ¥
and covering irichomes as well as glands, most of which wers intact. Some of thifg
fine powder was stored loose with occasional shaking to kesp the powder fro i
clumping; another part was compressed into blocks to simulate the method used l" O
making “commercial” resin.

Pure cammabinoids were obtalned from Professor R. Mechoulam er from Mnk 5
Chemicals, Jerusalem. The A'\.THC showed a single peak on the g.l.c. system used
the ALTHC showed some impuritiea representing about 109 of the area of the ma)
peak. The cannabinol (CBN) and cannsbidiol (CBD) were pure to g.l.c.
. Analysis was carried out by the mothod of Fairbairn & Licbmann (1973). 'How

standard because itis more stable than the steroid normally used. The problem o .
sampling resin has been discussed eaclier (Fairbaim & Lisbmann 1973); for ouflg
present purpose samples 5 X 3 X 3 mm were cut from the block on each occasios
Each piece was then cut into three equal parts by slicing parallel to the origindE$¥
surfaceg of the entire block so that two segments contained the cuter part and th 1’
third the interior of the block only.

Storage conditions )

Samples were stored in transparent glaes bottles at 5° in the dark (cefrigerator) s
room temperature (about 20°) in a datk cupboard and at reom temperaturs behind ¥
north-facing window, The samples were kept well mixed and portions were removed]
periodically for analysis.

RESULTS

The results for cannabinolds in solution are given in Table 1 and Figs 1A and
Oae striking feature not recorded in Table [ is the absence of any evidence for th
production of cannabinol (CBN). The results for herbal cannabis are given in Tabled
2 and 3 and for our own prepared cannabis resin in Table 4. For the commercig]
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Stability of cannably and lis preparations 3

Cannabinoide i soluiion; loss during different conditions of storage. Figures
are the percéniages of the main cannabinold retained; absolute values, at
the commencement (t,} are given in brackets, a3 mg -t

Table 1.

.
in datk

-1
{n dark

1. . RS
24d 94 95 ]
} kisaye 52 u . 5 -
1" THC i troleum to—(0+15}
2 Ay « 100 100 31
te + 6 days 9% (| S 1
., THCin CHCl te—(1'30)
3 t+2 dayl' . . 2
ty 4 6 days 103
te + 20 dm 91
D in CHCl; (—{1"0) P
4. Cﬂt‘ «‘l_ll‘2 days g Lo & a
s + 6 days CI. 5
ta 4 20 days traces nons
A N in CHCl, to—(1-32)
S O de’ 95 %
1o + 6 days 1 &7 .
ta + 20 days N a7 48
. CHO), extract of UNGC 155 t«—(THC 152)
6 O S iuys . 109 &P
ta 4 6 days 103 15
g + 20 days 101 none
7. CHCl,extract of 5P1 te={CBD 0-38) '
:.C-lq’— 2 days 100 91
to + 6 daya 95 61
ts + 20 days . 103 ]

) CBN remnined st ¢-12, 012 and 0-09 respectively.
Eb) CBN concentration at ts was 0-12 mg mi~* and rose to 0-22, 038 and (-31 respectively.

sanpleof resln the sampling difficulties already feferred to made it impossible to carry
out adéquate storags tests. In general however, (a) the Luner layers contaiied more
- THC then the surface layets; (b) In any givén piece a low THC content corresponded
‘10 a high CBN and vice versa; (c) in the inner laycrs the total THC -+ CBN was hijglict
than in the sucface layers. Thus for the inner fayers the average THC and CBN
contents were 4+5 and 2+4 % respectively giving a total of 6-97; in the eurface layers
ihe corresponding fguces were 2:5, 34, with a total of 597, In contrast to thess
fiuctuations, the CBD contént was surprisiogly stable giving the same average of
4:1% for the inner and surface layers. '

DISCUSSION
The most important result of this work has been to emphasise the deleterious
effect of exposure 1o light, a point not sufficiently stressed previously. The effect on
solutions of cannabinolds is dramatic. Pure THC in Jight petrolenm js almost
completely decomposed In 6 days at room temperaturs, whefeas in the dark there is

.. b - . —
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.. Time {days) 3
Fro, 1A, - Bibanolle extract of UNC 235; effuct oo THC content of storags in the dirk (@) s 35
in the ifght (W) 1 énd light s entrt of SEr e o

Py

in crude extracts in the dark jg
resin.  Turner & others {1973b)
CHCl, are stable for 6 days,

F

confirmed by our previous work on ‘commerci
report that THC and CBD In crude extracts
but unfortunately they do not state

Table2. Herbal camabis: effect of temperaiure and light on ore sample (SP4)

whether storage w

Figures are 2 remainiog in each sample (100 = [-37¢/ THC).
¢ s _-20° g E ]
Storage tlms fo dark In'gi_tk lnzl?ght_ :;': :
1 100 [y i
to + 31 weeks 92 ] P
s If @ (] 3
to 198 7 9 7 3

_place, bat abviousi’

- reference to the [J.5

MR] ably from India) wil

D content of s!octgg fgﬁ wﬁ-ﬁ%‘)‘ﬂg ijr'a‘?ife( .}5: &Bunnolb
. : in the lia:i;f;or in -
practically no loss (Table 1, samples I end2). I CHC], solutions decomposition (¥ CBD, efthet in solr
less marked (sample-3) but the presencs of pigments in crude exiracts does not seer; sud artificial light |
' to have any protective effect against light (sample 6). CBD in CHC), is markedly (1974) may be dy
’ Iesa stable'even in the dark (sample 4), and this confirms the results of Parker & otheid@ll  qualities of chioro:
(1974) which showed significant loss in 1 dayand almost total loss jn § days in the dark) 1 colleagues-and for
However, in crude samples CBD is very stable in the dark, but once more the pigmenid} i problem mmised by |
present do not protect from the deleterfous eifect of light (sample 7. This stability® f the assay of cannal:

procedure ig short

hefore completing ¢

Ethanolic extrac:
faltly rapid loss of |
other solvents but ¢ |
ethanolio extract (1
original activity aft:
to 18°,  Obviously

ing tops of plstillate]
of the fact that flows
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Stablitty of cannabls and s preparations 3

Table 3. Herbal camnabis: effect of starage at 20° in the dark of elght varieties.
Figures are % of the main cannabinoid retained, absoluts valaes at the
commencement (t,) are given in brackets.

Coarte powder Fine

e gowdcr
s Yarlety Tine (sbout 1 mm rmesh) (gbont 033 mm mesh)
68 % THC - .
SP5 E 3{ fm;) " "
sP10 ::& -&1’;5";‘11 i 92 . N
SP1l t 6 i 3,;;" mc) " ' a8
it to ++ 1 yeue o1 B4
UNC23S
mgmph (a) te (119034 THC)
ts 4 goyun nd. 52
Sampls (b) 1o (460 %0
te T 1 year o.d 57
UNC254 t5{1-95% THC) '
. b - ?oydn o 3
Uﬂgg; o (4:5070 i nd, . &
UNSampls LGV :..g_ -31%{:1‘31)) . o . "
Sample (b) e (1'55’;? Chb) .o
Is t (45-51%513) o n
Samole (3 to 4 1 yearz ' nd. 1

" n.d. Not determined, .

in the light or jn the dark, Later Turner & Henry (1975) reported that THC and
CBD, either in solution or in crude extract form, are stable for 6 days in both natural
and artificial light. ‘They suggest that the instability reported: by Parker & othen
(1974) may be due to their having used impure CHCl,, We have used varyiog
qualities of chloroform, including spectrograde used by Parker & Turner and their
colleagues and found in all cases decomposition is rapid in the light. The main .
probiem raised by our results and those of Parker and others is the use of CHC), in -
the assay of cannabis (e.g., Fairbaim & Liebmann, 1973).  Fortunately the extraction
procedure i3 short (about L h at the most) so that little decomposition will take
place, but obviously CHCI, extracts or solutions should not be lef standing for long
before completing the assay, nor should they be expased to strong light.

Ethanollc exiracts are also quite stable jn the dark but exposure to light leads to
fairly rapld loss of cannabinoids (Figs 1 and 2). These results agree with those for
other solvents but do riot sitpport the claim made by Kubena & others (1972) that an
ethanolic extract (Fluld extract of Cinnabis U.S.P.X) had lost litle or any of its

- origlnal actlvity afler 43 years storage in amber Gottles with temperatures ranging up
to 38°.  Obviously no figures for the original THC contentiation are.available but
reference to the U.S.P. X shows that the fiuld extrectis prepared from the “dried flower-
ing tops of pistillate plants” and that 1 ml should represent 1 gofthe drug. In view
of Lhe fact that fiowering tops produced in England contained 2 to 7% THC (Faitbalen
& Licbmann, 1974), it would be reasonabls to assume that the USP cannabls {prob:
4bly from Indid) would éootain at least 4% THC. The authors reporcted that the

Nt Y




6 7. W, FAIRBAIRY AND OTHERS ‘

Tabled. Comnabis resin (freshly prepared); changes in cainabinold content. (%} in
different conditlons of storage for 1 year at room temperature (20°).

Conditions THC CBN
_ Freahly prepared (1)) . 6 traces
Ugh!nﬂﬂ_gif ywer , 73 18
. Loos powder . .
2 &w&d‘pﬁ’w‘dé{bﬂl inats tiroken up 52 24
3. Compressad; unbirokeil Jum
‘(#) Syrface layer (02 mtrs §2 23
. B} Next'2 ram Jayer- 107 1-8
6). Cenire 114 6
Dark d alr . "
1'. ml.gn:: powder 120 o-65
5. Comprested bul brghen up 1073 10
+  Cofprassed, uiibroken lump
3%’; Sent 2 103 104
121 ] r ", *
¢} Centra i Taye 110 147

fluid extract only contsined 0-4% THC;. indicating that only about 10% of the
oiiginal amount remained, a velue which would be consistent with our.own expetisace.
Th effect of light.on one sample of kerbal eannubls (Table 2) shows orice more ité
deleteriou effect, Thie résults in Tablé 3 on a further 8 samples confirm thet in the.
absenice of light carefully dried hétbal cannabis Is quite stable; 'in fact mote 50 than
previonsly thought, ' Thus Lerner (£969) surmised 8 rate of Jogs of THC of 3 to 5%,
-per month &t room temperaturs, corsésponding approximately to 3o 46 per year; .
Assutming » linear rate of decomposition Turner Sotbers (1973a) found aloss of THC
of 7% per yoar at room temperature when stored in amber bottles either in the dark
or with limited exposure to light, Our stven samples of coaree powder in Tables 2
abd 3 give oorresponding values ranging from $ to 26% with & mean of 13 %, The
resulté on canmable resin (Table 4) also ehow the deleterious effscts of Tight but i
addition they iliusteats othier eiffects which are discssed below, -y
_Although In our experiments thie effect of temperature (3°and 20°) was not marked
(Tables 1, 2) Turmer-& others (19738) showed that at 37 and 50° significane losses
ooourred.  As thaie experiments ware carried out in ovens, presumably light played

na. prt i the deterioration. Coffiman & Gentoer (1574) also studied the éffect of
higher temperutures for periods up to.64 b, Little decomposition took place at §5° -

“but considerable losses-ceoucréd st:85 and 100°,
light or higher temperatures, This may be due to the fact that, in fhe carefully driad
plant, the cannabinoids are stored in “weil-classd contaiirers”, the platids, T these
-ure burst by careless proparation or in fhe making of feiin, then loss by oxidation is
wiore likely, The results for herbal cannabls in Table 3 are congistent with this
suggestion: losses jo the fine powder, where more glande will be damaged, are con-
sistently greater than in the cosree powder. On aversge the 6 sainplés of fine powder
contained 1137 less cannebiaolds than the coarse powder after 1 yeur storage. 'The
results of a more.ambitious experimént on specially prepared resin are given'in Table
4. The loose powder showed less loss in THC aher | yeat than compressed powder
in which many glands would be butst. -Howsver, if the compressed powder was

Tho effect of oxygen on berbal cdpnibis setms muck Jess significant than that of -
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_ retained as one lump this loss was mainly confined to the surfacs layer which clearly
protected the jnner layers from breakdown. This is also shown in our work on the
Pakistani resin sample {(see Resulis) in which the inner layera always contaiiied more
THC than tho outer.  The results (Table 4), do show thet the effect of oxygend is much
Tess significant than that of Light, in the material we used. Thus in the light there was
a lass, for the loose powder, of 379 of the original activity and for the compressed
material (more glands broken) of 5§59 (samples 1 and 2). In the dark the losses in
comparable samples 4 and 5, ate only zero and 139 respectively. - Razdan & others
(1972), however, deliberately increased the possible effect of oxygen by spreading
THC on filter paper (In the dark at 25°); in these ciroumstances they report a loss of
75%in 10 months. It can be concluded, that cannabls resin is quite stable if stored
in the dark in large lumps which prevent access of alr to the interior.

We have already referred to the fact that decomposition of THC in the light does
not lead to an increase of CBN, although the latter {s-not markedly unstable in the
light (Table 1, sample 5, and Fig. 1). Conversion to CBN howsever seems to ocour
in the resin stored in the dark aa well as in the light (Table 4). Levine (1944) also
reported a significant conversion of THC to CBN in resin stored In the dark for 3
years. OQur results on the Pakistani resin also showed that n low THC content
corresponded to 8 high CBN and vice versa. We make the tentative suggestion
therefore that the effect of light may be to convert THC rapidly to polymers which
would not be detected by the usual gl.c. and t.Lo. methods and of oxygen to convert
the THC to CBN, some of which will polymerize ¢specially in the light. It would be
intriguing to kéow however how the cannabinolds in the living plant are preserved in
the transparent glands which ere often exposed for long periods to brilliant sunshice.
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CANNABIS, XV.* PREPARATION AND STABILITY OF
A5 TETRAHYDROCANNABINOL-B-CYCLODEXTRIN
INCLUSION COMPLEX _

Y. SHOYAMA, 5. MORIMOTO, and [. NISHIOKA

Fatulty of Pharmarastical Sciewces, Kyusha University,
Fakugka 812, Japen -

ABSTRACT. —Intestigacion is made of the préparation of the inclution complex of A% et
sahydrocanoabiaol (1) with B-cyclodexecia (B-CD) in solid forrn by the precipitation sethod.
Ta ordet to escimate the inclusion complex formatlon; various speceral dara {wv, td, and emission.
spectrs) bave been studied. Je bas been exrimured that the Inclusion complex ik highly stable
under various conditions {light of 10,000 lux, ceppen exleence, and high temperaece {1207)
campaned to 1 alone. The extersive application for a deug delivedy system 1 slio discussed.

Current interest in che inclusion complex of cyclogextrins (CD) with various kinds
of drugs has been centered on their chemical smbiti?. solubility, and absorption prop-
erdles. The major activé principle of matihuana, A-tecrahydrocannabinol, is o fragile

compound with respect to light (1), auto-exidation (2), high temperature(1,3), acidic

miedium (4), and fiee redicel oxidation (53). The majot pathway for auto-oxidation of X is
summarized in figute 1, Compound 1 requires the presence of detesgent inoider todis-
solve in water, thus ceeating problems in phirmacological studies,

9,10-dshydroxy- poa(10a)_
tetrahydrosannabinol

|
I .

Piguse 1. Pathway of sutoconveesion of 1.
sM.A. Elsohly, E.S. El-Teraly aad C.E. Tutner, J. Nat. Prod., 40, 275 (197D.

WPrevious amticle: Cannabis X1V, Y. Shoyame, 5. Marimoto, and L. MNishioka, Chevs, Pharm. Brll.,
29, 372001980,
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This paper presents the preparation of a A-tecrahydracannabinol-B-cyclodextrin
complex (1-B-CD), a more stable compound when compared with 1 alone,

RESULTS AND DISCUSSION

In order to estimate che ability of inclusion complex formation, various specera data
have been studied. Figure 2 shows the uv spectral data of 1 alore and of 1-B-CD in
0.1N NaOH. No variation between the 1 and 1-B-CD spectral profile could be de-
tected; however, the different spectrur in che similac spectra clearly showed the differ-
. ence of intensity as Indicated in Figure 3. The od specera of 1 alone and of 1-B-CD are
i shown in Figute 4 to have similar maximum wave lengehs; they diffet from each other
y in iotensity. Figure 5 jllustrates the emission specera of the 1-B-CD system in 0.1N
NaOH. These spectra indicate that 1 wich B-CD increases the intensity and shifts the
absorption wave fength. These spettra support the existence of the formation of the in-
clusion complex between 1 and B-CD. The methods for preparation of the inclusion
complex have previously heer elucidated (6,7); in this study we used the precipization.
methed.
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FIGURE 4.  The o spectra of 1.B-CD sys- FiGukn 5. Emission specua of 1-f-CD
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The inclusion complex of 1-p-CD is 2 white powder, Cyq3H 7002, showing

aromatic double bond absotbance (1622 and 1577 cm™") in the ir spectrum. 'H-am:.

spectrum shows aromatic protonsat 8 5.57 and 5.90. However, it is difficult to confirm
the effects of B-CD on each signal of 1. The stoichiometry of the complex in the solid
state was analyzed chemically, as indicated, and found co be 2:1 for the 3-CD system.
Nexe, the stabilities of 1 and E-B-CD were determined. It has been demonstrated”
that the major artificial product of 1 is cennabinol (2) (8}, ‘The major roure of 1 oxida-
tion occuss by auro-oxidation under storage conditions. The influences of temperature,
light, and the presence of oxygen have been determined (table 1), Degradation of the 1-
$-CD complex occurred only in experiment 4, which showed the appearance of 2 after
stotage for five months, Expetiments 1and 2 indicated the lack of effect by light, if the
nitrogen was replaced. The presence of oxygen caused oxidative degradation of 1, pro-
ducing 2 and other preducts, as indicated in experiments 3 and 4. Theamount of 2 pro-
duced varied, as indicated by chese experiments. Moceover, the presence of light along
with oxygen increased degradation to 2. In addition to the experiments performed at
30°, the influence of oxygen also was observed at — 10° (experiment 6). The amount of 1
present was 50.8% and chat of 2 was 20.995, thus indicating that the essencial factor for
storage of 1 was a decreass in the oxygen concentration. On the.other haad, experi-

- rneqts performed at — 10° and 30° (experiments 1 and 5) in the presence of nitrogen in-

dicated Jittle vatiation in the stability of 1.

TADLE 1. Stabilities of 1-B-CD" and 1% slone under vorious condicions.

. b
Experiment Condicond 1-p-c0* 1*slone
Number tion - T
(%2 1°(m) 2°
1 H°N,D 100.0 0 76.6 1.4
2 30°N,L 100.0 [ 74.3 10.0
3 300, p 98.2 0 2.7 30.0
4 30°0,L 86.1 2.0 33 17.4
] —-10°N,D 100.0 0 74.2 L1116
G ~10°0,D 98.2 0 50.8 20.9

'A’-umhyd(oanmbmoi-{i-cyclodutrin inctusion complex.
bA % teteatiydrocanmabined,

“Cannabinol.

Ny teplacerment of aic by N,, Oyt air existence,

D=under dark, L=undet light, storage period =35 months.

In order to confirm the stability of the 1-B-CD under mote stringent stotsge condi-
tions, the effects of higher temperatures and darkness were studied to determine diffez-
ences between the 1-B-CD complex and the 1-B-CD mechanical mixturs. The
amounts of 1 alone and of the 1-B-CD mechanical mixwure gradually decreased over
time when heated to 120° in the dark, The explanstion for this phefiomenon may de-
pend on the exposed surface areas of the different struetures. Thar is, the decomposition
of 1 may be incressed by the porous surface of B-CD rather than 1 alone, ‘The degrada-
tive product from 1 alone and from the 1-$-CD mechanical mixouce was 2 in both
cases, as identified by glc; the amoune of 2 present i listed in figure 6.

On the other hand, the 1-B-CD inclusion complex does not degrade ar 120" in the
dark over a 24-h petiod. This finding suggeses thae the labile part, such as double bond
and/or phenol is included by B-CD. Although the direct confocmation of the 1-B-CD
inclusion complex is in a solid stace is not yer amlable the results thus far support the
existence of this structute.

The inclusion complex of 1 with B-CD may have wide applicacions. For example,

g 0 aGepees b————— . r——
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FIGURE. 6. 5mbilities of 1-B-CD inclusion complex, 1-$-CD mechanical mixeure and 1 slone by
heating at 120°, . )

the long-teem storage of 1 with increased solubility in water will be possible, Also, CD i
complexation may be extensively applied o cnhante the mernbrane permeability and
bioavailebility of slightly soluble T. Furthee studies on other cannabinoids arc in prog-

Y E

ress. These tesults will be presented elsewhete in the near fucure. o
EXPERIMENTAL .
The urv spécera weee obtained on & Hiesclii Model 100-10 Specttophotometes snd the fr spectra were ':__
détarmined oo 2 Nikoabunko Model D5-100 Spectremeter in KBr pellets, The VH-ome spectes were to i
corded in 11 NeOH ona JEOL P5-100 Spectromeree; chemicel shilis ate givenon the ppm saule, and sig- )

il multiplioaces ere represenced by s(ringlet), didoubled), Heripler), giquareet),. mi{multiples), and
br(brzd), The od spectes were messured on a JASCO J-20 Specrropolarimetér, The emitslon spectra were,
measured ot & Hitsch! MPF.2A Fluoresance Spearophotorneter, The gle analpzes weee detecrmined on & N
Shimadan Gas Chromatograph modzl GC-4BM undet previcusly reported conditions O). -
Cotnpound 1 and 2 wete isolated from the Mezican cannabis 8¢ deseribed previausly (10).

PREPARATION QF 1-3-CD INCLUSION COMPLEX. —Campound 1 (0.4 gidissalved in MeOB (Bmi)
vas added to 4.3% 3-CD solusion (400 ml) deopwise, while being stirced. After Lhof stirring; the reac-
tion mixtures wete centrlfuged (3000 tpm, 25 mio). The precipleures were then washed twite wich e soali B
amount of water, dried on ¢.H S04, end finslly washed twice more withs semall emount of echer to remove .
free 1. Finally, the white powdet obtained was complecely deled over PyOg mx 80° for 5 b. The inclusion k-
complex was snzlyeed by uv and gle methods, us described helow, to determine the ratia of 1-B-CD (1:2).
The 1.B-CD complex was 8 white powdet: w X max (H;0) 276 oro; ed (6.72X 107*M 0.1N NaOH) 2
[8)0y — 143X 10%, (910, —2.35X10% inKBe} v mux: 1622, 1577 am™}; "Henme (1 N NOH) 8 A -
0.99(, w0-Me), 1.334s, Te-Me), 1,36(s, Co-Me), 1.90-2.30(m, B-CH.), 2.33¢, glu-H), 3.46(g, glu- »
H), 3.74{m, glug 5 ;s c-Hh £.86(d, giu-H), 5.57(bs, arora H), 5.80(bs, arom H), G.23(bs, CprH). 4

Anal, Caled for Cu3H17d0y2: C. 48.80: H, 6.58. Found: C, 48.64: H, 7.09. X

ANALYTICAL SYSTEM.~<The uv method: 1-3-CD inclusion complex was dissolved in MeOH-H,0
(1:1)and anslyzed by uv photometer at 276 om todeterrhine the content of 1 using the ealibradion curves. 3
Tire gle method: Samples of inclusion eomplex (20 mg) were suspeoded In diluted McOH (1 mi) indes 3
sonication, To the solution & drop of cciohexplamine was added, then exeracted with scher (5 ml) five ‘
times. After evaparacion of echer, the tesldue was analyzed by glc as deseribed peeviovsly (3.

STORAGE OF SAMPLES. —Samples (1 alone, 10.68 mg; 1-B-CD inchaion complex, 20 mg) were !
seiled in glass ampules with oit ar with replacement of it by N, and wete srored eicher under light of 4
10,000 lux or In the dark fos five monchs. The scocageat 30" wras undertaken st the Bintron Inscieute of thix ;
Unjversity.
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